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Introduction
Foodborne outbreaks of listeriosis, human infection
with Listeria monocytogenes, are relatively uncommon
with approximately 0.1–1.1 cases /100 000 population
globally, but high mortality rates of 20–30% are associ-
ated with infection (Siegman-Igra et al., 2002; Anony-
mous, 2012). Those at particular risk of infection include
the immunocomprised, the elderly, neonates and preg-
nant women (Anonymous, 2011; Rocourt et al., 2003).
Since the 1990s, over 40% of foodborne listeriosis
outbreaks have been associated with ready to eat
(RTE) meat products (Warriner & Namvar, 2009). The
most signiﬁcant outbreak of recent times took place in
Canada in 2008, with a total of 57 listeriosis cases asso-
ciated with RTE deli meats which resulted in 23 deaths
(Anonymous, 2010; Gilmour et al., 2010). Other signif-
icant outbreaks were related with meat frankfurters
[USA, 108 cases and 14 deaths in 1998–99] (Anony-
mous, 1998, 1999; Mead et al., 2006); pa^te [Australia,
11 cases and 6 deaths in 1990] (Kittson, 1992; Watson
& Ott, 1990); turkey deli meats [USA, 54 cases and 8
deaths in 2002] (Anonymous, 2002; Gottlieb et al.,
2006); ‘Quargel’, a brand of acid ripened curd cheese
[Austria, Germany and Czech Republic, 34 cases and 8
fatalities in 2009/2010] (Fretz et al., 2010a,b). Listerio-
sis outbreaks such as these highlight the importance of
surveillance in RTE foods. In spite of high salt content
and low water activity (Aw), cured and ripened RTE
meat products such as those examined in this study can
also harbour L. monocytogenes. The organism is
capable of growing in 10% NaCl with a water activity
(Aw) of 0.90 which is typical of production conditions
(AFSSA, 2000; Ryser & Donnelly, 2001).
Traditional methods for the speciﬁc detection of
L. monocytogenes in food are both time consuming
and laborious. Recently, a new culture-based method
for the identiﬁcation of L. monocytogenes from foods
has been developed, namely the Listeria Precis
method. This method uses a single enrichment in
Oxoid Novel Enrichment Broth - Listeria (ONE
Broth-Listeria) followed by selective plating on chro-
mogenic agar [ALOA (Agar Listeria selon Ottaviani &
Agosti) One Day®] and can provide presumptive
results 48 h earlier than ISO 11290-1 (Anonymous,
2004a), a current standard method (Oxoid, 2010).
This initial study was performed to determine the
feasibility of reducing turnaround time of the Listeria
Precis method (considered the reference method used in
this study) by incorporating a rapid molecular test after
culture enrichment in the ONE Broth-Listeria. A previ-
ously described qPCR assay for the speciﬁc detection of
L. monocytogenes in food (O’Grady et al., 2008, 2009)
was combined with the ONE Broth-Listeria culture
enrichment step (24 h) of the Listeria Precis method
(considered the alternative method used in this study).
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One hundred and ﬁfty samples of RTE pork products
were tested for the presence of L. monocytogenes using
this combined method and validated against the AF-
NOR approved Listeria Precis method (Oxoid, 2010).
Materials and methods
Samples
One hundred and ﬁfty (150) RTE pork products
(entire pieces in packaging) were collected from 19
small to medium-size processing plants located in
Spain. The sample set included ﬁve diﬀerent RTE
meat products consisting of 18 morcillas (traditional
Spanish cooked blood sausage), 114 raw cured
products [70 chorizos (dry fermented sausage) and 44
salchichones (dry fermented-cured sausage)] and 18
dry-cured products [6 lomos embuchados (Spanish
dry-cured pork loins) and 12 jamones curados (dry-
cured hams)]. Food samples were transported to the
laboratory in a cool box (temperature  4 °C), refrig-
erated and examined within 24 h.
Bacterial strains and culture conditions
Listeria species used in this study were grown in Tryp-
tone Soya Broth (TSB; Oxoid) at 37ºC overnight
(Table 1). For use as the Internal Ampliﬁcation
Control (IAC), Candida albicans was cultured in Sab-
ouraud dextrose broth (SAB; Oxoid) at 37ºC overnight
(Table 1).
Culture enrichment and microbiological examination of
samples
Culture enrichment for both traditional and molecu-
lar methods was performed in the same manner. A
representative sample from the entire piece of food
(25 g) was added to 225 mL of ONE Broth-Listeria
(Oxoid) in a sterile plastic stomacher ﬁlter bag
(Seward) and homogenised in a stomacher (400 Lab
System, Seward) for 2 min. After 1 h at room tem-
perature, ONE Broth-Listeria Selective Supplement
(Oxoid) was added to ONE Broth-Listeria. Flasks
were incubated at 30 ºC for 24 h. Following incuba-
tion, 1.2 mL aliquots of ONE Broth-Listeria cultures
were taken and stored at -80 °C for subsequent
DNA isolation (i.e. for use in alternative method).
At this same time point, the samples were subcul-
tured onto ALOA (Microgen Bioproducts Ltd.) and
RAPID L. mono (Bio-Rad Laboratories Inc.) agar
plates using a 10lL microbiological loop and
incubated at 37 ºC for 24–48 h (i.e. reference
method). All agar plates were examined for typical
blue/green with an opaque halo L. monocytogenes
colonies, that is, suspect in ALOA agar and blue
colonies in Rapid L. mono agar followed by conﬁr-
mation using the Oxoid Biochemical Identiﬁcation
System (O.B.I.S.) mono test or bioMerieux’s API®
identiﬁcation product, API Listeria (Marcy l’Etoile,
France) to determine the presence or absence of L.
monocytogenes in the enriched food.
Table 1 Bacterial and fungal strains used in this study
Bacteria Strain designation Serovar Origin
Listeria monocytogenes NCTC 5214 4a Mammal, brain sheep circling disease
Listeria innocua NCTC 12210 N/A Plymouth / English produced cheese
Listeria welshimeri NCTC 11857T 6a Compost; decaying vegetation
Listeria seeligeri NCTC 11856T 1/2b Soil
Listeria invanovii subsp. invanovii NCTC 11846T 5 Mammal, sheep
Listeria grayi subsp. grayi NCTC 10815 N/A Cornstalks and leaves
Candida albicans var. albicans CBS 562 N/A Skin of man with interdigital mycosis
T = Type strain; N/A = Not applicable.
Table 2 Oligonucleotide primers and probes used in this study
Name Type Sequence (5′-3′)
Lssr A F Forward assay primer GCATCGCCCATGTGCTAC
Lssr A R Reverse assay primer TCTACGAGCGTAGTCACCG
IAC F Forward composite primer for IAC generation GCATCGCCCATGTGCTACATACCCAACTTGGAATG
IAC R Reverse composite primer for IAC generation TCTACGAGCGTAGTCACCGTCTTCACCAGAATAAAATTG
Hybprobe 1 Listeria monocytogenes hybridisation probe CCATTCAGCTAGTCTGATTAAGCTCT-fluorescein
Hybprobe 2 L. monocytogenes hybridisation probe LC Red 640-CTATTTAACCCCAGACGGAGA-phosphate
ALS1-FLU IAC hybridisation probe TGAATGTATCCCCTGGA-fluorescein
ALS1-LC IAC hybridisation probe LC Red 705-TGGCACTGGTACCATCTAA-phosphate
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Preparation of negative and positive control food samples
Chorizo sausages purchased in a local supermarket
were chopped and mixed well a maximum of 15 min
prior to performing the experiment. For negative con-
trol samples, 25 g portions of the prepared chorizo
mixture were added to 225 mL of ONE Broth-Listeria
in sterile plastic stomacher ﬁlter bags and homogenised
in a stomacher for 2 min. For positive control
samples, 25 g portions of the prepared chorizo sample
were homogenised as above but in the presence of 1 mL
broth containing  1000 CFU mL1, 100 CFU mL1,
10 CFU mL1 or 1 CFU mL1 of L. monocytogenes
NCTC 5214 (approximate cell density of the test strain
was previously established by plate counts in Tryptone
Soya Agar (TSA; Oxoid)). Analysis was performed in
triplicate, and microbiological and molecular-based
methods were performed as described previously.
DNA isolation and quantification
For enriched food samples, genomic DNA was iso-
lated from 1.2 mL of ONE Broth-Listeria cultures
(thawed on ice) using the ‘puriﬁcation of total DNA
from animal tissue’ procedure in the DNeasy Blood &
Tissue kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions and eluted in 100 lL buf-
fer AE. For Listeria species used as controls in real-
time PCR, genomic DNA was isolated as above from
1.5–3.0 mL depending on culture density.
C. albicans DNA was isolated from 1.5 mL of cul-
ture using the ‘Bacterial Genomic DNA Puriﬁcation
Kit’ (Edge BioSystems, Gaithersburg, Maryland,
USA), as per manufacturers’ instructions.
Internal amplification control (IAC) for real-time PCR
Using conventional PCR and composite primers IAC
F and IAC R [Table 2 (O’Grady et al., 2008, 2009)],
a 213 bp long product from Candida albicans (CBS
562) was ampliﬁed. This chimeric DNA fragment
(Candida albicans ALS1 partial sequence) was ﬂanked
on either side by the Listeria assay primer sequences
(Lssr A F and Lssr A R; Table 2). The PCR product
was cloned, as per manufacturers’ guidelines, using
the pCR 2.1-TOPO TA Cloning kit (Invitrogen).
Plasmid DNA was extracted from a clone using the
QIAprep Spin Miniprep Kit (Qiagen), and sequencing
was performed externally (Sequiserve) using M13
primers to conﬁrm that the sequence of interest was
present.
Real-time PCR
Real-time PCR ampliﬁcation was performed on the
LightCycler 2.0 instrument using the ‘LightCycler
FastStart DNA Master HybProbe’ kit (Roche Diag-
nostics). Real-time PCR was performed in a ﬁnal
volume of 20 lL as described by O’Grady et al. (2008,
2009). Positive controls, negative extraction and no
template controls (NTC’s) were included in each run.
Genomic DNA extracted from all RTE pork products
tested in this study were analysed in triplicate. Prior to
sample analysis, a colour compensation ﬁle was gener-
ated on the instrument using a ‘LightCycler Color
Compensation Set’ (Roche Diagnostics) following
manufacturers’ instructions. Analysis was performed in
the 640 nm (ssrA gene target) and 705 nm (IAC) chan-
nels using the imported colour compensation ﬁle.
The terms of reference and formulae used in the cal-
culation of relative accuracy, relative sensitivity and
Table 3 Listeria monocytogenes positive samples detected in RTE
pork products by reference (culture) and alternative (qPCR based)
methods
Sample type
Culture positive
Sample no.
ONE broth/qPCR positive
Sample no. (Tm value)
Morcilla 5 5 (60.18)
6 6 (60.64)
– 7 (58.61)
9 9 (60.35)
11 11 (58.36)
12 12 (58.38)
13 13 (62.41)
– 14 (60.02)
Chorizo – 45 (59.93)
51 51 (59.69)
53 53 (62.11)
– 59 (61.04)
– 60 (61.83)
61 61 (61.53)
67 67 (62.02)
69 69 (61.15)
– 70 (61.69)
Salchichon 89 89 (59.28)
– 117 (60.69)
– 118 (60.72)
123 123 (62.24)
– 128 (62.28)
Lomo embuchado – 133 (62.25)
Total 13 positives 23 positives
Table 4 Summary of results for both reference (culture) and
alternative (qPCR based) methods
Reference positive Reference negative Total
Alternative positive 13 10* 23
Alternative negative 0 127 127
Total 13 137 150
*Positive deviation was observed in sample numbers: 7, 14, 45, 59, 60,
70, 117, 118, 128, 133.
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relative speciﬁcity are described in the ISO 16140:2003
(Anonymous, 2003).
Results
Artiﬁcial inoculation experiments revealed that the
Listeria Precis method (reference method) and the
novel diagnostic method developed in this study
(alternative method) have the same limit of detection
(LOD), that is, 1000 cells or genome equivalents of L.
monocytogenes. Food samples spiked with <103 cells
of L. monocytogenes were not detected by either
method. Of the 150 RTE pork product samples
tested, 13 were positive for L. monocytogenes
(Table 3) by both methods. Additionally, 127 of the
150 samples yielded negative results for L. monocytog-
enes using both methods. Ten samples were positive
for L. monocytogenes using the alternative method,
but negative using the Listeria Precis reference
method representing positive deviation (Table 4). Neg-
ative deviation (i.e. negative by the alternative test
but positive by the reference method) was not
observed in this study (Table 4). There was no evi-
dence of PCR inhibition during analysis in the 127
negative pork samples, as the IAC was consistently
detected. A variation in the melt peak melting temper-
atures (Tm) for L. monocytogenes positive samples is
seen in Table 3. These data were collected from over
ten runs, and the melt peak Tm shift observed was
always reﬂected in the positive controls; the mean Tm
value was 60.76 °C  1.29 °C. The alternative method
presented in this study had a relative accuracy of
93.3%, a relative speciﬁcity of 92.7% and a relative
sensitivity of 100% when compared to the Listeria
Precis reference method for the detection of L. mono-
cytogenes in RTE foods. The statistical signiﬁcance
between the reference and alternative methods was
determined using the McNemar chi-squared test. The
results were considered to be very statistically relevant
(chi-square value of 8.100 with 1 degree of freedom,
P-value (two-tailed) = 0.0044).
To identify the Listeria species detected by melt
peak analysis, six control samples were included in
each qPCR run, namely, L. grayi, L. innocua, L. inva-
novii, L. monocytogenes, L. seeligeri and L. welshimeri.
Approximate melting Tm’s of the control samples were
as follows: L. grayi (51.37 °C), L. innocua (51.85 °C),
L. invanovii/L. seeligeri (53.8 °C) and L. monocytoge-
nes (59.99 °C). As demonstrated in Fig. 1 (representa-
tive data), when melt peak analysis was performed on
the samples tested and compared with positive con-
trols, the L. monocytogenes speciﬁc melt peak was
observed in samples #12, #14 and #45 (circles). In
sample #12, a melt peak (Tm 53.8 °C) was also
observed indicating the presence of another Listeria
species, possibly L. invanovii or L. seeligeri. Sample
#45 also had an additional melt peak (Tm 51.85 °C),
indicating the presence of L. innocua, which was con-
ﬁrmed by culture and biochemical testing (data not
shown). Finally, samples #81 and #96 were negative
Figure 1 Melt peaks demonstrating Listeria monocytogenes control peak at 59.99 °C in addition to 3 RTE food samples (#12, 14 and 45) at
similar Tm’s indicating positive detection of the target organism. Melt peaks for additional control species: L. seeligeri at 53.87 °C, L. invanovii
at 53.87 °C, L. innocua at 51.85 °C and L. grayi at 51.37 °C. Melt peak for #81 at 51.85 °C indicating the presence of species other than
L. monocytogenes. No peak recorded for L. welshimeri or sample #96 (Lightcycler 2.0; 640 nm).
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for the presence of L. monocytogenes which was in
agreement with the data generated using the Listeria
Precis method (Table 3).
Discussion
Previously O’Grady et al. (2008) described a qPCR
assay for the speciﬁc detection of L. monocytogenes in
food samples. In this study, we have combined this
qPCR assay with the Listeria Precis method after the
24 h ONE Broth-Listeria incubation step. This new
approach shortens the Listeria Precis method by 24–
48 h for a negative result and 48–72 h for a positive
result.
Positive deviation was observed in ten samples anal-
ysed. A possible explanation for these discordant
results is that DNA from dead or viable but noncul-
turable L. monocytogenes cells was detected by the
alternative method in the food matrix. Alternatively,
these positive deviations may in fact be true results,
indicating that this new method is more sensitive than
the Listeria Precis method for detecting L. monocytoge-
nes in RTE pork products. Furthermore, negative
deviation was not detected which demonstrates the
robustness of the alternative method as food compo-
nents such as organic compounds, calcium ions,
glycogen and lipids have been demonstrated to inhibit
PCR (Rodriguez-Lazaro & Hernandez, 2006).
The LOD was higher than expected at 1000 CFU/
25 g for both alternative and reference methods in the
artiﬁcial inoculation experiments. This may be due to
the procedure involved in processing particulate sam-
ples such as sausages, where the sample is placed in a
ﬁlter bag during homogenisation, and the bulk of the
food matrix is not transferred to the ﬂask for incuba-
tion. It is unclear whether the LOD of the methods
was the same in the naturally contaminated meat
product samples tested (n = 150), and this warrants
further study.
The alternative method presented in this preliminary
study requires further optimisation to improve the
LOD in RTE meat products. The ONE Broth-Listeria
step is the likely cause of the poor sensitivity, and this
broth should be validated against the traditional ISO
methods for the detection and enumeration of Listeria
monocytogenes (ISO 11290-1 and ISO 11290-2) (Anon-
ymous, 2004a,b) in RTE meat products. The ease of
use and rapid turnaround to results of the alternative
method developed in this study warrants further evalu-
ation in other food types, where the sensitivity may be
improved.
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